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( I n s t i t u t e  f o r  Problems of Materials Science,  Academy of Sciences UkrSSR) 

I \  ABSTRACT: Data on r e s i s t a n c e  change, thermoelectromotive 
f o r c e ,  superconduct iv i ty  of the monocarbides of T i ,  Z r ,  Hf, Nb, 
and T a ,  and on t h e  mononitrides of T i ,  Z r ,  Nb, and T a  i n  t h e  
area of homogeneity were s tudied .  

i i  
1 1  
' /  

It is  known [l-81 t h a t  t h e  phys ica l  p rope r t i e s  of ca rb ides  and of t r a n s i -  /1970* 
t i o n  metal n i t r i d e s ,  such as s p e c i f i c  e l e c t r i c  r e s i s t a n c e ,  t h e  t r a n s i t i o n  po in t  
of t h e  s t a t e  of superconduct iv i ty ,  t h e  thermoelectromotive f o r c e  c o e f f i c i e n t ,  
thermal  conduct iv i ty ,  and o the r  p rope r t i e s ,  change as a func t ion  of t h e  con- 
t e n t  of nonmetal i n  t h e  reg ion  of t h e  homogeneous phase,  e .g . ,  carb ides  depend- 
i n g  on t h e  degree of completion of t h e  carbon s u b l a t t i c e .  

We may assume t h a t  t h e  degree of completion of t h e  m e t a l  l a t t i c e  by atoms 
of nonmetals causes  t h e  d e t e r i o r a t i o n  of s t a b l e  e l e c t r o n i c  conf igu ra t ions  and 
t h e  p r o b a b i l i t y  of t h e  appearance of s t a t i s t i c a l  dens i ty  i n  s t a b l e  configura-  
t i o n s .  Th i s  depends on both the  s t r u c t u r e  o f  t h e  m e t a l  atom and t h e  s t r u c t u r e  
of t h e  nonmetal atom i n  t h e  segregated s t a t e ,  and a l s o  on t h e  r e l a t i v e  concen- 
t r a t i o n  of conf igu ra t ions  of va r ious  types. 

may conclude t h a t  t h e  s p e c i f i c  e lectr ical  r e s i s t a n c e  of a l l  carb ides  decreases  
i n  t h e  reg ion  of homogeneity i f  t h e i r  phase composition approaches s t o i c h i o m e t r i c  
propor t ions  ( i n  r e l a t i o n  t o  carbon content ) .  

I n  r e l a t i o n  t o  t h e  s p e c i f i c  e l e c t r i c a l  r e s i s t a n c e  of t r a n s i t i o n  m e t a l s ,  w e  

Thus, f o r  example, t h e  s p e c i f i c  e l e c t r i c a l  r e s i s t a n c e  of T i c  decreases  wi th  
the  i n c r e a s e  of carbon concent ra t ion  i n  phase  [ 5 ] ,  which can be explained by t h e  
formation of s t a b l e  e l e c t r o n i c  sp3 conf igura t ions  of carbon, wh i l e  f o r  t i t an ium,  
which has  t h e  conf igu ra t ion  of o u t s i d e  e l ec t rons  d2s2, t h e  donat ion of t h e s e  
e l e c t r o n s  is  most probable  a t  t h e  formation of t h e  do-s ta te .  The donated elec- 
t r o n s  are p a r t l y  used f o r  s t a b i l i z a t i o n  of t h e  sp3  conf igu ra t ions ,  and t h e s e  
e l e c t r o n s  become, i n  p a r t ,  conduct iv i ty  e l ec t rons .  With t h e  decrease  of carbon 
content  i n  t i t an ium carb ide ,  t h e  p o s s i b i l i t y  of t r a n s i t i o n  of e l e c t r o n s  from 
t i t an ium atoms t o  carbon atoms decreases ,  and t h e r e f o r e  t h e  concent ra t ion  of 
c o l l e c t i v e  e l e c t r o n s  inc reases ,  a long with t h e  electrical  r e s i s t a n c e .  

A s i m i l a r  dependence of s p e c i f i c  e l e c t r i c a l  r e s i s t a n c e  upon t h e  conten t  of 
bonded carbon e x i s t s  f o r  t h e  carb ides  of  zirconium [ l ]  and hafnium** (Fig.  l , a ) ,  
s ince  a l l  t h r e e  metals have a monotypic conf igura t ion  of o u t e r  e l e c t r o n s  - 
d2s2.  
d - s t a t e  (with preference  f o r  the  most s t a b l e  d5-state)  and the  i n c r e a s e  of t h e  
p r i n c i p a l  quantum numbers of d-e lec t rons ,  upon t h e  t r a n s i t i o n  from T i  t o  Hf, 
t h e  s t a t i s t i c a l  dens i ty  of t he  d5 - s t a t e  increases  and t h e  number of e l e c t r o n s ,  

Because of t h e  simultaneous increase  of t h e  e n e r g e t i c  s t a b i l i t y  of t h e  

*Numbers i n  margin i n d i c a t e  pagina t ion  i n  fo re ign  t e x t .  
**Thespecif  i c  e l ec t r i ca l  r e s i s t a n c e  of HfC -in- t h e  area of homogeneity has  been 

measured by t h e  au tho r s  of t h e  present  paper.  
~~ ~- - 
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t r a n s f e r a b l e  from t h e  metal, decreases .  This  r e s u l t s ,  f i r s t ,  i n  t h e  decrease  of 
t h e  s p e c i f i c  e l e c t r i c a l  r e s i s t a n c e ,  and second, i n  t h e  i n c r e a s e  of t h e  melt ing 
p o i n t  of t h e  corresponding ca rb ide  phases, because less loosening o f  t h e  l a t t i c e  
occurs .  

Another type  of dependence of spe- 
c i f i c  e lec t r ica l  r e s i s t a n c e  has  been ob- 
served f o r  t h e  ca rb ides  of niobium and 
tantalum [1 ,2 ] .  Here, t h e  s p e c i f i c  elec- 
t r i c a l  r e s i s t a n c e  i n i t i a l l y  decreases  
r e l a t i v e l y  s lowly,  wi th  the  inc reas ing  
concent ra t ion  of bonded carbon, and then 
sharply decreases  upon approaching 
s to i ch iomet r i c  composition (Fig.  1 , b ) .  
Considering t h e  f a c t  t h a t  t h e  segregated 
Nb atom has  t h e  e l e c t r o n i c  conf igu ra t ion  
d4s1 and T a  - d3s2, which are c l o s e r  (par- 

p pohmBca P phm*cm 
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titularly i n  t h e  case  of Nb) t o  t h e  s t a b l e  
state d5, t h e  dependence of t h e  s p e c i f i c  
e l e c t r i c  r e s i s t a n c e  observed on t h e  bonded 
carbon concent ra t ion  can be explained by 
the  fo l lowing  condi t ion ,  opposing t h a t  
e x i s t i n g  f o r  ca rb ides  T i c  and Z r C .  I n  

Fig.  1. Dependence of t h e  S p e c i f i c  
E l e c t r i c a l  Res is tance  of 
Tic, Z r C ,  HfC ( a )  and NbC, 
T a C  (b) on Carbon Content 
i n  the  Homogeneity Area 

- 

a d d i t i o n  t o  t h e  s t a b l e  sp3  conf igu ra t ion  
of carbon, t h e  e l e c t r o n i c  conf igura t ions  of t h e  atoms of t h e  metal s u b l a t t i c e  are 
c l o s e r  t o  t h e  s t a b l e  s ta te  d5, causing lower a v a i l a b i l i t y  of t h e i r  e l e c t r o n s  f o r  
conduc t iv i ty  and, s imultaneously,  a decrease i n  t h e  d i spe r s ion  of conduct iv i ty  11971 
e l e c t r o n s .  

The n i t r o g e n  atoms i n  t r a n s i t i o n  m e t a l  compounds, of which t h e  number of 
e l e c t r o n s  on t h e  d-she l l  nd is  approximately 5 ,  tend t o  form a s t a b l e  configura- 
t i o n  by donat ing  one p-electron by t h e  mechanism s2p3 + s2p2 + p + s p 3  + p. 
This  s p l i t  o f f  e l e c t r o n  t r a n s f e r s  e i t h e r  i n t o  t h e  common c o l l e c t i v e  of conduc- 
t i v i t y  e l e c t r o n s ,  o r  is  used f o r  completion of t h e  d- leve l  of the  metal. I n  t h e  
case of n i t r o g e n  compounds of t r a n s i t i o n  metals, however, where nd is  not  h igh  
and where donor capac i ty  i s  p r imar i ly  developed, w e  must expect t he  capture  of 
metal e l e c t r o n s  by n i t rogen  atoms when s t a b l e  conf igu ra t ions  s2p6 are formed. 
The la t te r  mechanism corresponds t o  experimental  d a t a  on t h e  e l ec t roconduc t iv i ty  
of t h e  n i t r i d e s  T I N  and Z r N  [ 4 ]  (Fig.  2 , a ) .  Atoms of t h e  metals T i  and Z r ,  hav- 
ing  a s m a l l  va lue  of nd, are p r imar i ly  respons ib le  f o r  t h e  development of donor 
capac i ty ,  and t h e i r  donated e l e c t r o n s  a r e  b a s i c a l l y  employed f o r  t h e  formation 
of s t a b l e  conf igu ra t ions  of s2p6 type  n i t rogen  atoms which complete t h e i r  ou te r  
s h e l l .  S t a b l e  do-s ta tes  of m e t a l  atoms are formed by t h i s  mechanism. A s  a re- 
s u l t ,  t h e  d i s p e r s i n g  capac i ty  of atoms i n  t h e  n i t r i d e  l a t t i c e  is lowered, causing 
a sharp  decrease  i n  the  s p e c i f i c  e l e c t r i c a l  r e s i s t a n c e  of t h e  phase when sa tu -  
r a t e d  wi th  n i t rogen .  

Nb and T a  atoms have a l a r g e  nd value and are less i n c l i n e d  toward d- 
e l e c t r o n  donat ion than T i  and Z r  e l ec t rons  ( p a r t i c u l a r l y  t h e  Nb atoms). 
i n  t h e  n i t r o d e s  NbN and TaN, s t a b l e  conf igura t ions  of t h e  sp3  type  should be 
formed wi th  t h e  donat ion of an e l e c t r o n  used f o r  completion of t h e  o u t e r  d - she l l  

Thus, 
11972 
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of m e t a l  atoms. I n  t h i s  mechanism, t h e  niobium atoms i n  t h e  s e p a r a t e  s t a t e  have 
t h e  conf igu ra t ion  of o u t e r  e l e c t r o n s  d4s1 and they r e q u i r e  less e l e c t r o n s  f o r  t h e  
formation of t h e  s t a b l e  d5-s ta te  than  t h e  tantalum atoms. Therefore  t h e  s p e c i f i c  
e lectr ical  r e s i s t a n c e  of NbN is  lower than t h a t  of TaN ( f o r  phases of s a t u r a t e d  
composition i n  t h e  reg ion  of homogeneity), due t o  the  enrichment of t h e  conduc- 
t i v i t y  e l e c t r o n  c o l l e c t i v e  a t  t h e  expense of p-e lec t rons  of n i t r o g e n  [ 6 ]  (Fig.  
2 ,b)  

' p pohm.cm The Ta  and Nb ca rb ides  are super- 
conductive.  The t r a n s i t i o n  temperature 
lead ing  i n t o  t h e  superconduct ive s t a t e  
depends on t h e  bonded carbon content  
of t h e  compound. This  is  obviously due 
t o  t h e  f a c t  t h a t  carbon atoms, having 
t h e  s t a b l e  conf igu ra t ion  sp3  i n  t h e  
compound, favor  low d i spe r s ion  of con- 
d u c t i v i t y  e l e c t r o n s ,  and t h e  atoms T a  
and Nb have t h e  s t r u c t u r e  of o u t e r  e lec-  
t ron  s h e l l s  d3s2 and d4s1, r e spec t ive ly ,  
c lose  t o  t h e  s t a b l e  d5-s ta te .  Thus, as 
t h e  carbon content  approaches s to i ch io -  
met r ic  propor t ions  i n  t h i s  phase,  op t i -  

. 100 
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mum cond i t ions  e x i s t  f o r  t h e  unhindered 
t r anspor t  of conduct iv i ty  e l e c t r o n s  a t  
appropr ia te  low temperatures .  Fig.  3 
[ 7 ]  shows t h e  dependence on carbon 
content  i n  t h e  phase,  and it i s  a l s o  
shown t h a t  NbC has  a h igher  t r a n s i t i o n  

Fig.  2. Dependence of t h e  S p e c i f i c  
E lec t r ica l  Resistance of 
T i N ,  Z r N  ( a ) ,  and NbC, TaC 
(b) on t h e  Nitrogen Content 
i n  t h e  Homogeneity Area 

temperature than  TaC, which can be  ex- 
p l a ined  by t h e  s t r u c t u r e  of t h e  ou te r  d-she l l s  of metal atoms, t h e  l a t te r  being 
c l o s e r  t o  t h e  s t a b l e  d5-s ta te  f o r  Nb than f o r  Ta. 

Superconduct ivi ty  a l s o  e x i s t s  f o r  the  ca rb ide  M o ~ C ,  whose m e t a l  atom has t h e  
o u t e r  e l e c t r o n  s h e l l  d5s1 i n  t h e  f r e e  s t a t e ,  b u t  i t s  TK, according t o  [ 9 ] ,  has  
t h e  va lue  2.78 K,  whereas TK f o r  NbC and T a C  are 11.1 and 9.7 K ,  r e spec t ive ly .  
It i s  s i g n i f i c a n t  t h a t  TK of MoC is 9.26 K. Upon t h e  formation of t h e  carb ide  
MoC from m e t a l  atoms, t h e  e l e c t r o n s  of the o u t e r  d - she l l  are p a r t i a l l y  used f o r  
t h e  formation of M-C bonds. I n  t h e  carb ide  M o ~ C ,  t h e  amount of e l e c t r o n s  donated 
by t h e  d - she l l  of t h e  m e t a l  atom f o r  bonding is  h ighe r  than i n  t h e  ca rb ide  MoC. 
This  exp la ins  t h e  lower va lue  of TK f o r  MozC, s i n c e  t h e  decrease  i n  t h e  s t a t i s t i ca l  
dens i ty  of s t a b l e  d5-s ta tes  i n  t h e  c r y s t a l  produces less favorable  cond i t ions  f o r  
t h e  t r a n s p o r t  of conduct iv i ty  e l e c t r o n s  without  d e t e c t a b l e  d i spe r s ion .  Such con- 
d i t i o n s  are obta ined  only a t  lower temperatures,  where superconduct iv i ty  appears.  

Superconduct ivi ty  w a s  no t  observed f o r  t h e  carb ides  of T i ,  Z r ,  and Hf a t  
temperatures  as low as 1.20 K ,  which can b e  expla ined  by t h e  very  s m a l l  proba- 
b i l i t y  of a formation of s t a b l e  d5-s ta tes ,  and by t h e  f a c t  t h a t  t h e  formation of 
s t a b l e  conf igu ra t ions  do, wi th  the  simultaneous appearance of a l a r g e  number of 
c o l l e c t i v e  conduct iv i ty  e l e c t r o n s ,  cannot genera te  superconduct iv i ty  because of 
t h e  ant ibonding a c t i v i t y  of t h e  e l ec t rons .  
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Fig.  3. Dependence of TK of t h e  
Carbides TaC and NbC on 
Carbon Content i n  t h e  
Homogeneity Area [7] 

Most t r a n s i t i o n  m e t a l  n i t r i d e s  a l s o  
show superconduct iv i ty  wi th  a TK of var ious  
values ,  dependiirg on t h e  e l e c t r o n i c  s t r u c -  
t u r e  of m e t a l  and nonmetal. Thus f o r  t h e  
t r a n s i t i o n  metal n i t r i d e s  of group I V  - 
T i N ,  Z r N ,  and HfN - t h e  TK va lues  are 
5.6, 10 .7 ,  and 6.2,  r e s p e c t i v e l y ,  [9]  f o r  
phases of s a t u r a t e d  composition. Since t h e  
nd va lue  i s  very s m a l l  f o r  t h e  atoms of t h e s e  
metals, upon t h e  formation of t h e i r  com- 
pounds wi th  n i t rogen ,  t h e  d-e lec t rons  are 
pr imar i ly  used t o  form s t a b l e  conf igu ra t ions  
of the s2p6 type wi th  n i t rogen  atoms. On 
t h e  o the r  hand, t h e  metal atoms themselves 
a t t e m p t  t h e  formation of s t a b l e  do-s ta tes ,  
where e n e r g e t i c  s t a b i l i t y  inc reases  from T i  
t o  Z r  and f u r t h e r  t o  Hf, wi th  t h e  i n c r e a s e  
of t h e  p r i n c i p a l  quantum number of d- 
e l ec t rons ,  as shown by t h e  inc rease  of TK 
from T i N  t o  Z r N .  Hafnium n i t r i d e ,  however, 

has  a lower TK than  Z r N ,  poss ib ly  because of t h e  high e n e r g e t i c  s t a b i l i t y  of t h e  
d- leve l  of H f  atoms, which impedes the 'donation of e l e c t r o n s  f o r  s t a b i l i z i n g  t h e  
conf igu ra t ion  of n i t r o g e n  atoms. Thus t h e  p r o b a b i l i t y  of condi t ions  f o r  t h e  ap- 
pearance of superconduct iv i ty  decreases'.  and s h i f t s  i n  d i r e c t i o n  t o  lower t e m -  
pe ra tu re s .  

The atoms of t h e  elements of group V ,  - V, Nb, and T a  have h ighe r  nd va lues .  11973 
Therefore  t h e r e  is  a g r e a t e r  tendency t o  capture  e l e c t r o n s  which a t tempt  t o  
e s t a b l i s h  s t a b l e  d5 - s t a t e sY and t h e  s t a b i l i t y  of d5-s ta tes  i nc reases  wi th  t h e  
p r i n c i p a l  quantum number. When compounds of t h e s e  elements are formed wi th  
n i t rogen ,  t hey  may r e c e i v e  e l e c t r o n s  from t h e  n i t rogen  atoms which donate one 
e l e c t r o n  upon formation of t h e  s t a b l e  sp3  conf igura t ion .  P a r t i c u l a r l y  f avorab le  
condi t ions  f o r  t h i s  mechanism e x i s t  wi th  NbN, which has  t h e  h ighes t  TK values  of 
a l l  t h e  compounds discussed.  The Mo n i t r i d e  seems t o  provide even b e t t e r  condi- 
t i o n s  f o r  t h e  appearance of superconduct iv i ty ,  s i n c e  t h e  molybdenum atom h a s  t h e  
o u t e r  e l e c t r o n  s h e l l  s t r u c t u r e  d5s1. However, when t h e  Mo n i t r i d e  compound, i s  
formed wi th  n i t rogen ,  e l e c t r o n s  appear which are generated upon t h e  e s t a b l i s h -  
ment of t h e  sp3 n i t r o g e n  conf igura t ion ,  which c o n t r i b u t e  t o  t h e  c o l l e c t i v e  of 
conduc t iv i ty  e l e c t r o n s ,  and which have an adverse  e f f e c t  on superconduct iv i ty .  

F ig .  4 [ 8 ]  shows t h e  dependence of TK on t h e  conten t  of bonded n i t rogen .  
The graph i n d i c a t e s  t h a t  t h e  decrease  of TK i s  more acu te  f o r  Z r N  than f o r  NbN. 
A s  shown b e f o r e ,  s t a b l e  conf igu ra t ions  s2p6 a p p e a r  when Z r N  is  formed, and t h e  
m e t a l  atoms a t tempt  t o  form t h e  do-state .  When the  conten t  of bonded n i t r o g e n  
i n  t h e  phase decreases ,  t h e  s t a t i s t i c a l  dens i ty  of d - s t a t e s  should d e c l i n e ,  s i n c e  
t h e  smaller amount of n i t rogen  atoms r equ i r e  less e l e c t r o n s  f o r  t h e  formation of 
s2p6 conf igu ra t ions .  
t hus  caus ing  a sharp decrease  of TK. For t h e  n i t r i d e  NbN, whose m e t a l  atoms a t -  
t e m p t  t h e  formation of s t a b l e  d5 - s t a t e sY t h e  number of e l e c t r o n s  r equ i r ed  f o r  
t h i s  process  is  small  and t h e  demand i s  r e a d i l y  s a t i s f i e d  by a smaller amount of 
bonded n i t rogen .  I n  a d d i t i o n ,  a much smal le r  change of t h e  TK value  i s  observed 
when t h e  amount of bonded n i t r o g e n  decreases .  

These e l e c t r o n s  a r e  suppl ied  by t h e  d - she l l s  of metal atoms, 
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The magnitude of t he  c o e f f i c i e n t  of t h e  
thermoelectromotive f o r c e  inc reases  wi th  t h e  
content  of bcnded n i t rogen  i n  t h e  phase [ l ] ,  
whi le  t h e  c o e f f i c i e n t  of t h e  thermoelectro- 
motive f o r c e  inc reases  more sha rp ly  f o r  Z r C  
than f o r  NbC. This  can be t e n t a t i v e l y  ex- /1974 
plained by t h e  donat ion of d-e lec t rons  by 
Z r  atoms, which a t t e m p t  formation of s t a b l e  
do-configurat ions.  The atoms of Nb, on t h e  
o the r  hand, are more i n c l i n e d  t o  cap tu re  
e l e c t r o n s  f o r  formation of s t a b l e  do- 
states, causing a smaller i n c r e a s e  i n  t h e  
concent ra t ion  of conduct ive e l e c t r o n s ,  and 
subsequently,  a smaller thermoelectromotive 
fo rce  c o e f f i c i e n t .  Titanium carb ide  a l s o  
has  a r e l a t i v e l y  h igh  c o e f f i c i e n t  of 
thermoelectromotive-force [ 51 , s i n c e  T i  
atoms a t tempt  t o  form s t a b l e  do-configura- 
t i o n s ,  supplying t h e  c o l l e c t i v e  of con- 
d u c t i v i t y  e l e c t r o n s .  

Fig.  4. Dependence of TK of the  
N i t r i d e s  Z r N  and NbN on 
t h e  Nitrogen Content i n  
t h e  Homogeneity Area [8]  

For t h e  n i t r i d e s  of T i  and Z r ,  t h e  
va lue  of t h e  c o e f f i c i e n t  of thermoelectromotive f o r c e  inc reases  a l s o  wi th  t h e  
conten t  of bonded n i t r o g e n  [ 4 ] ,  bu t  t h e  values  of t h e s e  c o e f f i c i e n t s  f o r  t h e  
n i t r i d e  phases of s a t u r a t e d  composition ( p a r t i c u l a r l y  f o r  T i N  and Tic)  d i f f e r  
from t h e  values f o r  t h e  ca rb ide  phases.  Since T i  and Z r  atoms c o n t r i b u t e  t o  t h e  
completion of t h e  s2p6 conf igura t ion  of n i t rogen  when t h e  formation of n i t r i d e s  
(d + s) - e l e c t r o n s  occurs ,  t h e  concent ra t ion  of f r e e  e l e c t r o n s  decreases ,  and 
consequent ly  t h e  va lues  of t h e  c o e f f i c i e n t  of thermoelectromotive fo rce .  

With t h e  n i t r i d e s  of Nb and T a ,  t h e  c o e f f i c i e n t s  of thermoelectromotive 
f o r c e  decrease  wi th  t h e  inc rease  of t h e  bonded n i t rogen  conten t  [ 6 ] .  The o u t e r  
s h e l l s  of Nb and T a  atoms have, as ind ica t ed  be fo re ,  t h e  tendency t o  cap tu re  
e l e c t r o n s ,  and t h e  number of captured e l e c t r o n s  a r e  h ighe r  f o r  T a  than f o r  Nb. 
This  r e s u l t s  i n  t h e  decrease  of t h e  concent ra t ion  of conduc t iv i ty  e l e c t r o n s ,  and 
consequent ly  i n  lower va lues  of t h e  c o e f f i c i e n t  of thermoelectromotive fo rce .  

Some s t u d i e s  on t h e  thermal conduct ivi ty  of ca rb ides  and n i t r i d e s  of t r a n s i -  
t i o n  metals [1,3] show an inc rease  of t h e  thermal conduct iv i ty  c o e f f i c i e n t  of Z r  
and Nb ca rb ides  wi th  t h e  conten t  of bonded carbon. Considering t h e  condi t ions  
i n d i c a t e d  be fo re ,  t h e  phenomenon can be  explained by t h e  i n c r e a s e  of t h e  elec- 
t r o n i c  component of thermal conduct iv i ty ,  due t o  t h e  i n c r e a s e  i n  t h e  concentra- 
t i o n  of f r e e  e l e c t r o n s .  Thermal conduct iv i ty  decreases  f o r  Nb and T a  n i t r i d e s  
wi th  t h e  i n c r e a s e  of t h e  conten t  of bonded n i t rogen ,  because of t h e  decrease  of 
t h e  e l e c t r o n i c  component of thermal conduct ivi ty .  

CONCLUSIONS 

Data on r e s i s t a n c e  change, thermoelectromotive f o r c e ,  superconduct iv i ty  of 
t h e  monocarbides of T i ,  Z r ,  Hf, Nb, and Ta, and on t h e  mononitr ides  of T i ,  Z r ,  
Nb, and T a  i n  t h e  area of homogeneity w e r e  s t u d i e d ,  i n  r e s p e c t  t o  t h e o r i e s  of 
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formation and d e t e r i o r a t i o n  of s t a b l e  e l e c t r o n i c  conf igura t ions  of t h e  atoms of 
components. 

It h a s  been shown t h a t  with the  decrease of t h e  content  of nonmetal (carbon, 
n i t r o g e n )  i n  t h e  carbon o r  n i t r i d e  homogeneity area, t h e  s t a t i s t i c a l  d e n s i t y  of 
d5-configurat ions i n  t h e  s u b l a t t i c e  of the  m e t a l  i n c r e a s e s  , causing a correspond- 
i n g  change i n  e l e c t r o p h y s i c a l  p r o p e r t i e s .  The metals of group I V  and V show an 
e s s e n t i a l  d i f f e r e n c e  i n  behavior ,  s i n c e  the former r e p r e s e n t  p r i m a r i l y  donors 
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t h e  l a t t e r  r e p r e s e n t  pr imar i ly  acceptors  of e l e c t r o n s .  
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